: Supporting Information S1. a: Scanning desorption curves corresponding to adsorption curves shown in Figure 1 . Circles represent data points, lines represent smooth isotherm fitting curves. b: Sorption Hysteresis. c: Change in Gibbs free surface energy by adsorption. d: Mesopore range translated from pore radius r to partial water vapor pressure p/p 0 .
S2. Comparison of multilayer sorption (BET) and energetic interaction theories
The linear form of the BET isotherm model for multilayer localized adsorption, i.e.
was used to fit the measured isotherm data points in the range of 0.1 < p/p 0 < 0.3 for calculating the fitting parameters n BET c and C. A BET plot is shown in Fig. S2 . The parameter n BET c is here interpreted as full coverage capacity of available sorption sites. The specific surface area covered by water molecules at this coverage level was calculated as s show a similar trend in the sense that the D360 sample shows a considerably lower value than the NAT sample. This trend overall agrees with the BET theory derived values with the exception that the coverage capacity stays around the same value for the NAT, D15, D30, and D60 samples and then suddenly drops with higher delignification times. A clear minimum value is again seen for the D360 sample, encouraging a structure collapse hypothesis. Table S1 shows that BET and ∆G derived values are comparable. However, the fact that the values do not exactly coincide can be seen as argument of the speculative nature of both theories. The arbitrary model assumptions of the BET theory can not be experimentally verified, and a verified theory for deriving the monolayer capacity from ∆G is still missing.
S3. Degree of delignification by Fourier transform infrared spectroscopy
Small pieces of NAT, D15, D30, D60, D120, and D360 wood cubes were analyzed with a Fourier transform infrared (FT-IR) spectrometer (Tensor 27, Bruker Optics) equipped with a single bounce diamond ATR element (Platinum ATR). On each sample, three spectra (128 scans) were recorded in the range of 350-4000 cm −1 and averaged. A baseline correction was applied using the concave rubber band algorithm with 10 iterations and 64 baseline points. The wavelength range was cropped to the wood relevant region (775 − 1825 cm −1 ) and normalized by the respective maximum peak. The results are shown in Fig. S3 . Generation of approximate data-fidelity images of the PSD On a 2D square grid of defined edge size (s) (e.g. s 2 = 500 × 500 nm), a given number of points (n) were randomly sampled by using the Poisson disk sampling algorithm for even space filling (Fig. S4.1a) . Hereby, a minimum spacing was defined, affecting the maximum number of points fitting inside the predefined grid. The location and exact number of points is found by iterative procedure. The generated points were used as center locations for n randomly sampled disks of radii r i following a probability density function set exactly equivalent to the derived PSD from sorption data (Fig. S4.1b) . The fidelity-to-data principle, chosen as the equivalence of generated (φ g ) and data derived (φ d ) porosities was applied as follows
The ratio of generated void volume V v to total volume V t reduces in the 2D case and for cylindrical pores to a ratio of surfaces A v A −1 t . For calculation of data derived porosity, assuming that at p/p 0 = 0.98 the pore space is fully filled, the total cumulative water volume adsorbed V max a is multiplied with the cell wall density ρ m . For all wood cell wall components ρ m ≈ 1.5 g cm −3 . Due to the more complex algorithm and the question whether it is representative, a non-overlapping condition of the disks was not applied. Approximate 2D visualizations of porosities for the investigated samples NAT and D360 at saturated state and after adsorption from dry state are represented in Fig. S4.2 . Figure S4 .1: Image generation procedure. a: Poisson disk sampling of disk center location (here, 120 points with minimal spacing of 40 nm inside a 500 nm grid). b: Random sampling of r following experimental PSD (here, sample D360 sat. des.). c: Generated image with porosity φ g . Figure S4 .2: Statistical sampling of r derived from PSDs and resulting 2D visualizations of porosities for the samples NAT (native) and D360 (delignified) at saturated state (wet) and after adsorption from dry state (dry).
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